Since the mid 1960's numerous efforts have been made to use computer methods for the routine processing of clinical data. For a variety of reasons these have not been wholly successful and, particularly in the United Kingdom, have not been widely used. Perhaps as a consequence, computer resources have been applied instead to activities more peripheral to the clinical consultation, such as patient administration, nursing and laboratory applications and, most successfully of all, to the processing of signals from complicated electronic equipment used in, for example, radiology, chemistry, nuclear medicine, and indeed cardiac catheterisation.
We believe that attempts to computerise the data obtained at a clinical consultation have been hampered by the range and quantity of the information obtainable. Many workers have solved this problem by focusing on a well defined range of disease processes to the exclusion of others: for example peptic ulcers,' hypertension,23 and a variety of applications in which patients themselves use a computer terminal to describe their symptoms. 4 Despite reducing the problem to more manageable proportions, there still remain difficulties with the computer techniques used to record the data. Solutions usually involve either manuscript or formalised proformae (which are subsequently typed into the computer by secretarial staff) *Present address: Hammersmith Hospital, Du Cane Road, London W12. tPresent address: Norfolk and Norwich Hospital, St Stephens Road, Norwich, Norfolk.
Accepted for publication 30 March 1982 169 or direct use of an on-line terminal by the clinician. The former method suffers in the main from delays, transcription errors, and the need for additional staff, while the latter method involves a high capital cost, the need for doctors to acquire typing skills, and often the unacceptable time involved for each conversation. 5 We present here a system which solves the problem of data input using Optical Mark Reader (OMR) forms on which the clinician directly records the history, physical signs, and the results of most of the more relevant investigations. The system is implemented on a medium scale time sharing computer with a typewriter terminal in the Cardiac Department and shared use of the OMR device. added to its files, merging it with any existing information for that patient. If there are no outstanding investigations other than blood tests, a full report is then printed on the typewriter terminal in the cardiac department: this device has a typeface similar to that of an ordinary typewriter (Fig. 3 ). On to this report the secretaries transcribe the results of any blood tests, photocopy the finished report (Fig. 4) , and distribute it to the referring clinician, the patient's general practitioner, the case notes, departmental files and, where appropriate, to our surgical colleagues. records that share any defined characteristic; it is used mainly for research. The research worker enters details into the computer using the terminal and, after a short delay, obtains a list of the identities of all records that satisfy his requirements. He would normally then use this list to gain access to the case notes or any other records and proceed by conventional means. The most frequent need is for a list of all patients in a given diagnostic category; this can be done using a single scan of the data on the computer.
It is possible to manipulate several scans so as to satisfy more sophisticated requirements involving logically linked series of criteria. The process of extraction occurs during the conversation between researcher, using a keyboard, and the computer. The system can also subsequently produce a complete print out of all selected records.
Other analyses include listings of diagnosis frequency and a breakdown of workload by consultant and referral source. The record linkage capability of 174 Williams, Brooksby, Mormice, Houseago, Webb-Peploe Yes, 1980 . Cathate, Numbs,
group.bmj.com on April 13, 2017 -Published by http://heart.bmj.com/ Downloaded from the system may be used to perform longitudinal studies on any defined variable, for example effort intolerance, blood pressure.
Development
The system was developed with eight months of analyst and programmer effort over a seven year period since 1974. A further three weeks were spent by clinical staff defining their requirements and assessing the results. The computer programmes were written in FORTRAN IV using soft ware originally developed for the microbiology system at St Thomas's.6 Considerable effort was invested in the design of this soft ware to ensure that changes to the system, and in particular to the number and design of both OMR forms and reports, could be made with the minimum of effort and delay.7 Many changes can be made without any reprogramming. The computer holds 4500 catheter records going back to 1973 and 5000 examination records since 1976, 1500 of which relate to outpatients. The investigations OMR form has only recently been added to the system and as yet only 250 documents have been fed in. A total of 50 OMR forms are entered each week.
Results
The system is operated entirely by the staff of the cardiac department who readily absorbed its routine operation into their daily work. The marking of OMR forms was unexpectedly easy and rapid. The patient examination form was the most time-consuming and takes approximately 10 minutes to complete, but so did the previous task of dictation which it replaced. To mark each investigation and catheter OMR form is a trivial task and takes at most a few minutes. To enter the 50 OMR forms into the computer takes 40 minutes each week, of which 30 are spent commuting to and from the microbiology laboratory where the OMR device is located. To annotate the records takes a weekly total of two-and-a-half hours of secretarial time, most of which is spent typing in free text. Each report takes two minutes to print, but since it is done by the unattended operation of the computer terminal, no further secretarial time is involved. The addition of laboratory results, photocopying, and distribution are all tasks unchanged from the previous system. The time spent by technical and clinical staff in running the system thus shows no significant change from previous methods. Each week our secretarial staff take some three-and-a-half hours to process 50 documents. This compares very favourably with the equivalent time of 25 hours previously spent typing the dictated letters.
The savings effected by the various analyses and 175 listings produced by the computer are more difficult to quantify. The annual catheter laboratory report used to take a doctor 10 days to prepare, most of which was spent on the manual assembly of analysis sheets. The audit facility has reduced this to one day actually writing the report. The costing figures prove extremely useful in convincing the administration not only that the department cares about cost but also that cardiac investigations are not as expensive as it thought! The extract facility was, and with increasing frequency continues to be, used to identify groups of patients for teaching or research purposes. Examples of the ways in which the system helps our research activities include:
-a review of the electromagnetic flow probe8 -factors determining angina in aortic stenosis9
-the results of endomyocardial biopsy studies in mitral leaflet prolapse'0 -visual complications of mitral leaflet prolapse." -To identify all patients in these categories would have meant checking by hand all the manuscript catheter records, a prohibitively time-consuming and boring task; using the computer it was done in minutes rather than months.
Our problems lie mainly in the shared use of the OMR device and the unreliability of the central computer. Commuting to and from the microbiology laboratory accounts for much of the time spent entering OMR forms and is particularly tiresome ,when errors require forms to be re-entered. The obvious solution for this (a second OMR) was impractical because of the high cost (£ 1 000) of the reading devices. Unreliability of both mark reader and central computer is a problem but seldom causes more than minor inconvenience. Our system was designed so as to tolerate unavailability of the computer for up to two days continuously and this limit has only been exceeded on two occasions in six years. There is a small but continuing requirement for retrospective* manipulation of the files by our computer department. Inappropriate marking of the OMR forms by new clinical staff is a recurrent minor irritation but this soon responds to correction and encouragement from our secretaries.
Discussion
There is little doubt that computers can be of great value in the production of management and research statistics if, and only if, they can be used to record accurate and complete information economically. In many cases the computer may also help the routine operation of a clinical or paraclinical department. The production of analytical forms of output presents no major computer programming or organisational problems. The major difficulty in clinical work is recordgroup.bmj.com on April 13, 2017 -Published by http://heart.bmj.com/ Downloaded from ing the patient data and this we believe can be overcome given a recording technique appropriate to the data involved, and a computer system of sufficient flexibility and reliability. The system we describe achieves during its routine operation a net saving of 22 hours of secretarial time per week and provides a management and research tool of great power and utility. Furthermore, it has been implemented with virtually no opposition from those who use it. We ascribe this firstly to the OMR techniques used, secondly to the flexibility of the computer programs, and thirdly to the careful avoidance of any duplication of work, however temporary, during the transition from manual to automated methods; The system was therefore seen from the outset to be easy to use, easy to modify, and to involve less and not more work for those concerned with its day to day operation.
Reliability and local control of development would be improved by the use of a mini-or microcomputer dedicated to our department, particularly if it formed part of a network linked to other applications. Such an arrangement would also provide much needed insurance against failure.
We have not been able wholly to computerise our clinical record. Much of the text which is currently typed in, and merely reproduced verbatim on our clinical reports, could well be supplied by interaction with other computer applications participating in a network. Thus treatment details could be supplied by a pharmacy application, the past history from a diagnostic system with record linkage capability, and the laboratory results included automatically rather than transcribed as at present. Despite this, a clinical report must be complete and we do not therefore foresee a time when free text can be completely eliminated from our system.
Design of suitable OMR forms would permit similar applications in other fields such as insurance medical examinations, industrial health, and the health records of the armed forces. For such purposes these forms would not only allow for the easy storage, retrieval, and analysis of large quantities of data but would also encourage the uniform recording of clinical information by different clinicians. Whether or not doctors in other specialities would find the method suitable would depend on the computer facilities to which they had access, the nature and extent of the information they wish to record, and the determination and enthusiasm that they, and the computer staff they employ, apply to the problem. While cardiology undoubtedly forms but a subset of general medicine, we believe that it is not such a super speciality that our results are not applicable elsewhere.
Williams, Brooksby, Morrice, Housego, Webb-Peploe Unless medical computing can be seen to work in the routine clinical environment to the satisfaction of clinical and ancillary staff, and of a cost conscious and sceptical administration, then there is a danger that computer professionals will increasingly regard it as difficult and unrewarding and that clinicians will continue to view computer systems as expensive, timeconsuming, and unproductive gimmicks.
